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(57) ABSTRACT 

A driver circuit of the present invention includes: a pair of 
switch elements (P1, N1) connected in series between a 
ground terminal and a stepped-up voltage VCP application 
terminal to which a stepped-up voltage VCP is applied; and a 
clamp element ZD1 connected between a node A between the 
pair of switch elements and an output terminal T2, the driver 
circuit driving, according to a voltage signal derived from the 
node A, an N-channel output transistor Q1 connected 
between the output terminal T2 and a power supply voltage 
VCC application terminal to which a power supply voltage 
VCC is applied. Here, a current control section (1L1, 1L2) 
formed of a resistor and a capacitor that are connected in 
parallel with each other is inserted in at least one of a current 
path that connects the nodeA and the stepped-up voltage VCP 
application terminal and a current path that connects the node 
A and the ground terminal. 

8 Claims, 3 Drawing Sheets 
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DRIVER CIRCUIT AND SEMICONDUCTOR 
DEVICE USING THE SAME 

TECHNICAL FIELD 

The present invention relates to a driver circuit for driving 
an N-channel output transistor and a semiconductor device 
using such a driver circuit. 

BACKGROUND ART 

Patent Document 1 listed below discloses and proposes, as 
an example of conventional art related to a driver circuit for 
driving an output transistor, a high-voltage driver circuit for 
giving a high-voltage-sWing output signal generated from a 
loW-voltage-sWing input signal to next-stage high-voltage 
operation means, having, as shoWn in FIG. 3: a high With 
stand-voltage transistor pair that is formed of a ?rst and a 
second complementary high Withstand-voltage transistors 
M1 and M2 that are connected in series betWeen tWo poWer 
voltage lines VDD and GND, the control electrode of the 
second high Withstand-voltage transistor M2 being connected 
to an input terminal Vi, and the node betWeen the ?rst and the 
second high Withstand-voltage transistors M1 and M2 being 
connected to an output terminal Vo; a capacitor C that is 
connected betWeen the control electrodes of the high With 
stand-voltage transistor pair; and voltage limiting means 
(transistors M3 and M4) that is connected betWeen the poWer 
voltage line VDD to Which the ?rst high Withstand-voltage 
transistor M1 is connected and the control electrode of the 
?rst high Withstand-voltage transistor M1 so as to clip the 
potential of the control electrode. 

Patent Document 1: JP-A-H11-68534 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

It is true that, With the above described conventional high 
voltage driver circuit, it is possible to achieve both high-speed 
sWitching and less poWer consumption at the same time. 

HoWever, the above described conventional art is designed 
exclusively on the premise that a P-channel ?eld-effect tran 
sistor is used as the upper side (i.e., the VDD side) high 
Withstand-voltage transistor M1, and thus cannot be applied 
to a driver circuit for driving an N-channel ?eld effect tran 
sistor. 
The present invention has been made in vieW of the above 

problem, and an object of the present invention is to provide 
a driver device in Which both high-speed sWitching and less 
poWer consumption are compatibly achieved in driving an 
N-channel output transistor, and a semiconductor device 
using such a driver device. 

Means for Solving the Problem 

To achieve the above object, according to one aspect of the 
present invention, a driver circuit includes: a pair of sWitch 
elements connected in series betWeen a ground terminal and 
a stepped-up voltage application terminal to Which is applied 
a stepped-up voltage that is higher than a poWer supply volt 
age; and a clamp element connected betWeen a node betWeen 
the pair of sWitch elements and an output terminal, the driver 
circuit driving, according to a voltage signal derived from the 
node betWeen the pair of sWitch elements, an N-channel 
output transistor connected betWeen the output terminal and a 
poWer supply voltage application terminal to Which a poWer 
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2 
supply voltage is applied. Here, a current control section 
formed by connecting a resistor and a capacitor in parallel 
With each other is inserted in at least one of a current path 
betWeen the node betWeen the pair of sWitch elements and the 
stepped-up voltage application terminal and a current path 
betWeen the node betWeen the pair of sWitch elements and the 
ground terminal (?rst con?guration). 

According to the present invention, it is preferable that the 
clamp element be a Zener diode (second con?guration). 

According to the present invention, it is preferable that, in 
the driver circuit having the above described second con?gu 
ration, the pair of sWitch elements consist of a ?rst P-channel 
?eld-effect transistor Whose source is connected to the 
stepped-up voltage application terminal, and a ?rst N-channel 
?eld-effect transistor Whose source is connected to the 
ground terminal and Who se drain is connected to a drain of the 
?rst P-channel ?eld-effect transistor (third con?guration). 

According to the present invention, it is preferable that the 
driver circuit having the above described third con?guration 
further include: a second P-channel ?eld-effect transistor 
Whose source is connected to the stepped-up voltage applica 
tion terminal; and a second N-channel ?eld-effect transistor 
Whose source is connected to the output terminal, Whose drain 
is connected to a drain of the second P-channel ?eld-effect 
transistor, and Whose gate is connected to a node betWeen the 
?rst P-channel ?eld-effect transistor and the ?rst N-channel 
?eld-effect transistor. Here, the driver circuit outputs, as a 
gate signal of the output transistor, a voltage signal derived 
from a node betWeen the second P-channel ?eld-effect tran 
sistor and the second N-channel ?eld-effect transistor (fourth 
con?guration). 

According to another aspect of the present invention, a 
semiconductor device has the driver circuit having any one of 
the above con?gurations 1 to 4 formed as an integrated circuit 
(?fth con?guration). 

ADVANTAGES OF THE INVENTION 

With the driver circuit of the present invention, it is possible 
to achieve both high-speed sWitching and less poWer con 
sumption at the same time in driving an N-channel output 
transistor. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a circuit diagram shoWing a driver device 
embodying the present invention; 

FIG. 2A is a timing chart shoWing the behavior of a sWitch 
voltage VSW in response to control signals S1 and S2 (With 
out capacitors C1 and C2); 

FIG. 2B is a timing chart shoWing the behavior of the 
sWitch voltage VSW in response to the control signals S1 and 
S2 (With capacitors C1 and C2); and 

FIG. 3 is a circuit diagram shoWing an example of a con 
ventional high-voltage driver circuit. 

LIST OF REFERENCE SYMBOLS 

IC1 semiconductor device 
P1, P2 P-channel ?eld effect transistors 
N1, N2 N-channel ?eld effect transistors 
ZD1, ZD2 Zener diodes (clamp elements) 
IL1, IL2 current limiting sections 
R1, R2 resistors 
C1, C2 capacitors 
T1 external terminal (upper side gate control terminal) 
T2 external terminal (output terminal) 



US 7,759,985 B2 
3 

T3 external terminal (lower side gate control terminal) 
Q1 N-channel ?eld-effect transistor (upper side output 

transistor) 
Q2 N-channel ?eld-effect transistor (loWer side output 

transistor) 
VCC poWer supply voltage 
VCP stepped-up voltage 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 1 is circuit diagram showing a driver device embody 
ing the present invention. 
A semiconductor device IC1 has a driver circuit of the 

present invention formed as an integrated circuit, and drives 
complementary sWitching of N-channel ?eld-effect transis 
tors Q1 and Q2 (upper-side and loWer-side output transistors) 
connected to external terminals T1 to T3. 

It should be understood that the term “complementary” 
used in this speci?cation covers not only cases Where the 
turning on/off of the transistor Q1 and that of the transistor Q2 
take place exactly oppositely to each other but also cases 
Where, from the perspective of preventing a through current, 
the turning on/off of the transistor Q1 takes place With a 
predetermined delay relative to that of the transistor Q2. 

In the semiconductor device IC1, as components of the 
driver circuit of the present invention, the folloWing are built 
into an integrated circuit: P-channel ?eld-effect transistors P1 
and P2, N-channel ?eld-effect transistors N1 and N2, Zener 
diodes ZD1 and ZD2 (clamp elements), and current control 
sections IL1 and IL2. The current control section IL1 is 
formed by connecting a resistor R1 and a capacitor C1 in 
parallel With each other, and the current control section IL2 is 
formed by connecting a resistor R2 and a capacitor C2 in 
parallel With each other. 

The source of the transistor P1 is connected, via the current 
control section IL1, to a stepped-up voltage VCP application 
terminal to Which a stepped-up voltage VCP (Whose level is, 
for example, 40 V) is applied. The source of the transistor N1 
is, via the current control section IL2, connected to a ground 
terminal. The drains of the transistors P1 and N1 are con 
nected to each other. The gates of the transistors P1 and N1 are 
both connected to a control signal S1 application terminal to 
Which a control signal S1 is applied. 

The source of the transistor P2 is connected to the stepped 
up voltage VCP application terminal. The drain of the tran 
sistor P2 is connected to the external terminal T1. The gate of 
the transistor P2 is connected to a control signal S2 applica 
tion terminal to Which a control signal S2 is applied. The drain 
of the transistor N2 is connected to the external terminal T1. 
The source of the transistor N2 is connected to the external 
terminal T2. The gate of the transistor N2 is connected to a 
node A betWeen the transistors P1 and N1. 

The cathode of the Zener diode ZD1 is connected to the 
gate of the transistor N2. The anode of the Zener diode ZD1 
is connected to the source of the transistor N2. The cathode of 
the Zener diode ZD2 is connected to the external terminal T1. 
The anode of the Zener diode ZD2 is connected to the external 
terminal T2. 

The Zener diodes ZD1 and ZD2 described above clamp the 
gate-source voltages of the transistors N2 and Q1, respec 
tively, at levels (approximately 5 to 10 V) that are loWer than 
their respective Withstand voltages (typically, 15 to 20 V). 

Outside the semiconductor device IC1, the drain of the 
transistor O1 is connected to a poWer supply voltage VCC 
application terminal to Which a poWer supply voltage VCC 
(Whose level is, for example, 30 V) is applied. The source of 
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4 
the transistor O2 is connected to a ground terminal. The 
source of the transistor Q1 and the drain of the transistor Q2 
are connected to each other; their node is connected to a load 
(not shoWn) so as to serve as a sWitch voltage VSW output 
terminal from Which a sWitch voltage VSW is outputted, and 
is also connected to the external terminal T2. The gate of the 
transistor O1 is connected to the external terminal T1; that is, 
a voltage signal derived from a node B betWeen the transistors 
P2 and N2 is fed to the transistor Q1 as its gate signal. The gate 
of the transistor O2 is connected to the control signal S2 
application terminal via the external terminal T3. 

Next, a detailed description Will be given of a basic opera 
tion of the driver circuit con?gured as described above. 
When the control signal S1 is turned to high level, the 

transistor P1 is turned off, and the transistor N1 is turned on. 
Accordingly, the voltage at the node A falls to loW level, and 
the transistor N2 is turned off. On the other hand, When the 
control signal S2 is turned to loW level, the transistor P2 is 
turned on. Accordingly, the voltage at the node B rises to high 
level, and the transistor O1 is turned on. Also, in response to 
the level of the control signal S2 being turned loW, the tran 
sistor O2 is turned off. As a result, the sWitch voltage VSW 
that is derived from a node betWeen the transistors Q1 and Q2 
rises to high level. 

In contrast to the above case, When the control signal S1 is 
turned to loW level, the transistor P1 is turned on, and the 
transistor N1 is turned off. Accordingly, the voltage at the 
node A rises to high level, and the transistor N2 is turned on. 
On the other hand, When the control signal S2 is turned to high 
level, the transistor P2 is turned off. Accordingly, the voltage 
level at the node B falls to loW level, and the transistor O1 is 
turned off. Also, in response to the control signal S2 being 
turned to high level, the transistor O2 is turned on. As a result, 
the sWitch voltage VSW derived from the node betWeen the 
transistors Q1 and Q2 falls to loW level. 

In this Way, the driver circuit of this embodiment drives 
complementary sWitching of the transistors Q1 and Q2 
according to the control signals S1 and S2. 

Next, a detailed description Will be given of the functions 
of the current limiting sections IL1 and IL2. 
As already described, in the driver circuit of this embodi 

ment, the Zener diodes ZD1 and ZD2 serving as clamp ele 
ments are inserted betWeen the gate and the source of the 
transistor N2 and betWeen the gate and the source of the 
transistor Q1 so as to protect the gates of the transistors N2 
and Q1, respectively. This makes it possible to limit the gate 
source voltages of the transistors N2 and O1 to a level equal 
to or loWer than their respective Withstand voltages, but at the 
same time, a current ?oWs through each of paths i1 and i2 to 
be Wasted, Which is inconvenient. 
More speci?cally, When the transistor O1 is turned on, the 

transistor N1 is turned on to turn off the transistor N2, and 
thus a current ?oWs through the path i1 starting from the 
transistor O1 to reach the transistor N1 via the Zener diode 
ZD1, and is Wasted. On the other hand, When the transistor O1 
is turned off, the transistor P1 is turned on, and accordingly 
the voltage level at the node A is turned to high level (Which 
is close to the stepped-up voltage VCP) to turn the transistor 
N2 on; thus, breakdoWn of the Zener diode ZD1 takes place, 
and a current ?oWs through the path i2 starting from the 
transistor P1 to reach the transistor Q2 via the Zener diode 
ZD1, and is Wasted. 

In particular, since the transistors Q1 and Q2 are high 
Withstand-voltage elements, even a small amount of current 
leakage may lead to a large amount of poWer loss, and fur 
thermore, may adversely affect the output voltage When this 
driver circuit is applied to a sWitching regulator or the like. 
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To cope With the above described inconveniences, in the 
driver circuit of this embodiment, the current limiting sec 
tions IL1 and IL2 are inserted in the above described paths i1 
and i2, respectively. 

In the case Where only the resistors R1 and R2 are inserted 
as the current limiting sections IL1 and IL2, respectively, the 
higher the resistances are set, the longer it takes to charge/ 
discharge a parasitic capacitor present betWeen the gate and 
the source of the transistor N2; this sloWs doWn the operation 
of the transistor N2, and accordingly the response of the 
sWitch voltage VSW to the control signals S1 and S2 sloWs 
doWn (see FIG. 2A). As has been described, there exists a 
trade-off relationship betWeen the current limiting capability 
and the operation speed; if the resistances of the resistors R1 
and R2 are set small in order to achieve a higher-speed sWitch 
ing operation, Waste of current may not be fully prevented. 

In contrast, the driver circuit of this embodiment is pro 
vided With the capacitors C1 and C2 that are connected in 
parallel to the resistors R1 and R2, respectively. With the 
capacitors C1 and C2 connected in parallel as described 
above, a current ?oWs through the capacitors C1 and C2 
during a sWitching period (i.e., When the capacitors C1 and 
C2 are charged/ discharged), While a current ?oWs through the 
resistors R1 and R2 during a steady period (i.e., after the 
capacitors C1 and C2 are charged/ discharged); thus, the cur 
rent path in the sWitching period and that in the steady period 
can be separated. The effect of the so separated current paths 
is that, even if the resistances of the resistors R1 and R2 are set 
high, the high resistances are hardly in?uential in the sWitch 
ing period, and thus the response of the sWitch voltage VSW 
to the control signals S1 and S2 hardly sloWs doWn (see FIG. 
2B). 

Therefore, With the driver circuit of this embodiment, it is 
possible to achieve both high-speed sWitching and less poWer 
consumption at the same time in driving the N-channel output 
transistor Q1. 
As to the capacitances of the capacitors C1 and C2, they 

may be appropriately set such that a desired sWitching speed 
can be obtained, With the capacitance of the parasitic capaci 
tor present With the transistor N2 and the time constant of the 
circuit taken into consideration. For example, they may be set 
at capacitances high enough (approximately 5 pF) to fully 
charge/ discharge the parasitic capacitor present With the tran 
sistor N2 (Whose capacitance is loWer than 1 pF). 
As to the resistances of the resistors R1 and R2, they may 

be appropriately set at resistances high enough (approxi 
mately 100 kQ) to fully prevent the Waste of current. 

The above embodiment deals With the case Where the 
present invention is applied to a driver circuit for driving a 
half bridge; hoWever this is not meant to limit the application 
of the present invention in any Way, and the present invention 
may be applied to a driver circuit for driving a full bridge, or 
can be applied to a driver circuit for driving a single output 
transistor constituting a sWitching regulator or the like. 

The present invention may be carried out in any manner 
other than speci?cally described above as an embodiment, 
and permits any variations and modi?cations Within the spirit 
thereof. 

For example, the above embodiment deals With the con 
?guration in Which the transistor N2 is driven by the voltage 
signal derived from the node A and the transistor Q1 is driven 
by the voltage signal derived from the node B via a buffer 
stage formed of the transistors P2 and N2, but this is not meant 
to limit the con?guration of the present invention in any Way, 
and the transistor Q1 may be driven directly by the voltage 
signal derived from the node A, or, more than one of the above 
described buffer stage may be interposed. 
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6 
The above embodiment deals With the con?guration in 

Which the transistors Q1 and Q2 are externally connected to 
the semiconductor device IC1, but this is not meant to limit 
the con?guration of the present invention in any Way, and the 
transistor Q1 and Q2 may be incorporated in the semiconduc 
tor device IC1. An N-channel transistor is preferable as the 
transistor Q1, because the element area of an N-channel tran 
sistor is about one-third that of a P-channel transistor, Which 
is advantageous in building the transistor Q1 into an inte 
grated circuit. 
The above embodiment deals With the con?guration in 

Which the current limiting sections IL1 and IL2 are inserted 
betWeen the transistor P1 and the stepped-up voltage VCP 
application terminal, and betWeen the transistor N1 and the 
ground terminal, respectively, but this is not meant to limit the 
con?guration of the present invention in any Way, and the 
current limiting sections IL1 and IL2 may be inserted 
betWeen the node A and the transistor P1, and betWeen the 
node A and the transistor N1, respectively, or just one of the 
current limiting sections IL1 and IL2 may be inserted. 
As is apparent from the above description, the technical 

scope of the present invention covers all the driver circuits 
that include a pair of sWitch elements (P1, N1) connected in 
series betWeen a stepped-up voltage VCP application termi 
nal and a ground terminal, and a clamp element ZD1 con 
nected betWeen a node A betWeen the pair of sWitch elements 
and an output terminal T2, that drive an N-channel output 
transistor Q1 connected betWeen a poWer supply voltage 
VCC application terminal and an output terminal T2 accord 
ing to a voltage signal derived from the node A, and into 
Which are inserted current limiting sections (IL1, IL2) formed 
by connecting a resistor and a capacitor in parallel to at least 
one of a current path connecting the node A and the stepped 
up voltage VCP application terminal and a current path con 
necting the node A and a ground terminal. 

INDUSTRIAL APPLICABILITY 

The present invention offers a technology that is applicable 
to driver circuits that drive an N-channel output transistor in 
the ?eld of high-voltage apparatuses such as printers, and that 
is useful for compatibly achieving both high-speed sWitching 
and less poWer consumption. 
What is claimed is: 
1. A driver circuit comprising: 
a pair of sWitch elements connected in series betWeen a 

ground terminal and a stepped-up voltage application 
terminal to Which is applied a stepped-up voltage that is 
higher than a poWer supply voltage; and 

a clamp element connected betWeen a node betWeen the 
pair of sWitch elements and an output terminal, 

the driver circuit arranged to drive, according to a voltage 
signal derived from the node betWeen the pair of sWitch 
elements, an N-channel output transistor connected 
betWeen the output terminal and a poWer supply voltage 
application terminal to Which the poWer supply voltage 
is applied, 

Wherein a current control section formed by a resistor and 
a capacitor in parallel With each other in at least one of a 
current path betWeen the node betWeen the pair of sWitch 
elements and the stepped-up voltage application termi 
nal or a current path betWeen the node betWeen the pair 
of sWitch elements and the ground terminal. 

2. The driver circuit of claim 1, Wherein the clamp element 
comprises a Zener diode. 

3. The driver circuit of claim 2, Wherein the pair of sWitch 
elements comprises a ?rst P-channel ?eld-effect transistor 
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Whose source is connected to the stepped-up voltage applica 
tion terminal, and a ?rst N-channel ?eld-effect transistor 
Whose source is connected to the ground terminal and Whose 
drain is connected to a drain of the ?rst P-channel ?eld-effect 
transistor. 

4. The driver circuit of claim 3, further comprising: 
a second P-channel ?eld-effect transistor Whose source is 

connected to the stepped-up voltage application termi 
nal; and 

a second N-channel ?eld-effect transistor 
Whose source is connected to the output terminal, 
Whose drain is connected to a drain of the second 

P-channel ?eld-effect transistor, and 
Who se gate is connected to a node betWeen the ?rst P-chan 

nel ?eld-effect transistor and the ?rst N-channel ?eld 
effect transistor 

Wherein the driver circuit is arranged to provide, as a gate 
signal of the N-channel output transistor, a voltage sig 

8 
nal derived from a node betWeen the second P-channel 
?eld-effect transistor and the second N-channel ?eld 
effect transistor. 

5. A semiconductor device comprising a driver circuit 
according to claim 1, Wherein the driver circuit is an inte 
grated circuit. 

6. A semiconductor device comprising a driver circuit 
according to claim 2, Wherein the driver circuit is an inte 
grated circuit. 

7. A semiconductor device comprising a driver circuit 
according to claim 3, Wherein the driver circuit is an inte 
grated circuit. 

8. A semiconductor device comprising a driver circuit 
according to claim 4, Wherein the driver circuit is an inte 
grated circuit. 


